###### Strengths and limitations of this study

-   Prior studies have provided evidence on inequalities by income in life expectancy (LE) but were based on sampled data or self-reported information on household income which was missing for substantial proportion of the total population.

-   Prior studies presented inequalities in LE at certain ages in adulthood while this study presented inequalities in LE at birth.

-   This study simultaneously presented time trends in LE inequalities by income and their future projections.

-   The income proxy has been used based on national health insurance premium, which might have resulted in attenuated magnitude of inequalities in LE.

-   The current study could not present time trends in LE inequalities before 2004 because the data before 2004 were not available.

Introduction {#s1}
============

The Commission on Social Determinants of Health (CSDH) set up by the WHO presented, as one of its three overarching recommendations, the message that health inequality measurement is a vital platform for action.[@R1] The CSDH recommended that national governments establish a national health equity surveillance system, with routine collection of data on social determinants of health and health inequities (recommendation 16.3).[@R1] The current status, time trends and future projections of a national health equity target are crucial elements of national health equity surveillance. For example, the UK government established national targets for health equity for the year 2010 based on time trends in life expectancy (LE) and infant mortality and their projections.[@R2]

South Korea (hereafter 'Korea') has a tradition of adopting differences between income quintiles in health indicators as health equity targets. In the revised Health Plan 2010 established by the Ministry of Health and Welfare, differences between income quintiles in all-cause mortality and two health behaviours (cigarette smoking and physical activity) were set as measurable health equity targets for the year 2010.[@R3] Recently, LE by income quintiles based on the National Health Information Database (NHID) of the National Health Insurance Service (NHIS) has been suggested as a national health equity target for the upcoming National Health Plan 2030.[@R4] Socioeconomic inequalities in LE rather than socioeconomic inequalities in mortality or health behaviours might be better accepted as the overarching target for health equity to the public. A recent study showed that both relative and absolute educational inequality in mortality had not decreased in the four decades since 1970 in Korea.[@R5] Each socioeconomic position (SEP) indicator has distinct influences in promoting or damaging population health.[@R6] Education may reflect early life socioeconomic situations[@R7] while income delivers information on material advantages or disadvantages.[@R6] LE by income than other SEP indicators might be better in monitoring the impact of concurrent economic and social policies related to material conditions on the magnitude of health inequality. Prior Korean studies explored cross-sectional inequalities in LE by income and suggested that LE inequalities by income calculated using the NHID should be an important measure for health equity monitoring in Korea.[@R8] Several studies from Western countries, including Canada,[@R11] Denmark,[@R12] Finland,[@R13] New Zealand[@R16] and the USA,[@R18] have examined LE inequalities by income. Chetty and colleagues examined the relationship between income and LE in the USA and demonstrated that the health inequalities between top and bottom income groups had widened between 2001 and 2014.[@R18] No Korean studies have presented time trends of income-based inequality (inequality according to income groups) in LE or made projections of income-based inequality in LE in the future. An analysis of time trends in income-based inequality in LE and future projections thereof could lead to significant progress in establishing a national overarching target for health equity in Korea. This study was conducted to explore time trends of income-based inequality in LE in Korea and to make future projections for the year 2030.

Methods {#s2}
=======

Data {#s2a}
----

We used population and death data from the NHID of the NHIS individually linked to mortality registration data of Statistics Korea between 2004 and 2017.[@R19] Data for the years before 2004 were not available in the NHID. The data cover all national health insurance (NHI) beneficiaries in Korea, except for soldiers, their dependents and foreigners. A recent Korean study indicated that the NHID data for the numbers of population and death and associated LE values were representative of the entire Korean population and constituted a good source for monitoring mortality and LE.[@R20] Individual data linkage was conducted internally in the NHIS with assistance of Statistics Korea. Aggregate population and death data without personal identification numbers according to sex, age (0, 1--4, 5--9, 10--14, ..., 80--84 and 85+), and income quintiles were obtained from the Big Data Steering Department of the NHIS. Online [supplementary table 1](#SP1){ref-type="supplementary-material"} presents the annual numbers of population and death by sex and income quintiles between 2004 and 2017. During the study period, a total of 685 773 157 subjects (342 731 537 women and 343 041 620 men) and 3 486 893 deaths (1 579 781 women and 1 907 112 men) were analysed.

10.1136/bmjopen-2019-030683.supp1

SEP indicator {#s2b}
-------------

We used income as the SEP indicator in this study. Income information was based on the NHI premiums. Several prior Korean studies have used this premium as a proxy for income.[@R8] Administratively collected data from the National Tax Service of Korea were used for determining the NHI premiums. The NHI premiums for the employed were proportionally levied on the average monthly salaries over the previous calendar year. The NHI premium for the self-employed were levied based on the estimated income using information on sex, age, recorded income, property and vehicles ownership. Individuals in the Medical Aid Programme (approximately 3% of the total Korean population) are exempt from NHI premiums. Any major changes on the NHI premium levy system have not been made between 2004 and 2017. The NHI premiums were computed on 1 January each year for the entire Korean population and then applied to all age groups because dependents of the employed NHI beneficiary shared the same premiums. The premiums were finally grouped into quintiles based on the population size. Prior studies found similar patterns in LE inequalities when separately analysed the data for those not self-employed and those self-employed.[@R9] The NHI premium also has policy relevance since nearly 30 governmental healthcare and social welfare programmes (eg, the Nutrition Plus programme, community child care centre services, medical expenditure subsidy programmes, social support programmes for disabled people, national cancer screening, and home visit and social support programmes for the elderly) utilise the NHI premium to select beneficiaries. We employed age group-specific equivalised income, taking into account the household size, and categorised the equivalised income into quintiles at the nearest quintile points. Since no premium was levied for Medical Aid programme beneficiaries (about 3% of the total population), these beneficiaries were grouped into the lowest income quintile.

Statistical analysis {#s2c}
--------------------

Using annual numbers of population and deaths by sex, age groups and income quintiles, we constructed life tables using the 5-year probabilities of death according to income quintiles for the years between 2004 and 2017. We employed the Kannisto-Thatcher method to expand the open-ended age interval 85+ to estimate the probability of dying for the 5-year age groups of 85--89, 90--94, ..., 120--124 and 125+.[@R21] To obtain LE projections for the future, the Lee-Carter model, which is frequently used in forecasting mortality and LE, was utilised.[@R22] The Lee-Carter model uses a matrix of age-specific mortality rates ordered by years in a country. Using a forecasted matrix of age-specific mortality rates, LE in the upcoming years was estimated. We also estimated prediction intervals of LE at birth between 2018 and 2030 based on the prediction intervals for mortality by year, sex, age groups and income quintiles. In this study, we used the difference between income quintiles and the slope index of inequality as measures of inequality in LE. Based on the calculated LE by income quintile, we estimated the slope index of inequality. To calculate the slope index of inequality, we employed a relative income distribution indicator (a value between 0 and 1), reflecting the relative position in the cumulative population distribution of the central subject in the income hierarchy. The relative position indicator was used as an independent variable in the linear regression analysis for the slope index of inequality. The slope index of inequality in LE refers to the absolute difference between LE at the lowest end of the income distribution and LE at the very top of the income distribution.[@R25]

Patient and public involvement {#s2d}
------------------------------

No patients were involved in the development and design of this study.

Results {#s3}
=======

Online [supplementary table 1](#SP1){ref-type="supplementary-material"} presents the numbers of population and deaths by income quintiles between 2004 and 2017. Since the income quintiles were grouped at age group-specific income quintile points, the numbers of deaths in the lower income quintiles compared with the numbers of deaths in the highest income quintile reflect the excess deaths associated with low income, taking into account the age distribution of income groups. During the 14 years between 2004 and 2017, a total of 843 918 excess deaths (265 471 deaths in women and 578 557 deaths in men) were attributable to low income, using the highest income quintile as the reference group. The excess deaths (144 177 deaths in women and 301 647 deaths in men) in the lowest income quintile group accounted for 52.8% of the total excess deaths (= (445 824/843 918)\*100). In addition, the total excess deaths due to low income (n=843 918) were about 3.4 times the average annual number of deaths during the study period (n=249 064).

[Figure 1](#F1){ref-type="fig"} and online [supplementary tables 2 and 3](#SP1){ref-type="supplementary-material"} present annual LEs by sex between 2004 and 2017 and a projection of LE (with prediction intervals) by sex through 2030. Over the 14-year period between 2004 and 2017, the total Korean population recorded an LE increase of 5.01 years (4.56 years for women and 5.36 years for men). It was projected that in 2030, LE among Korean women would reach 89.84 years. The mean LE in 2017 was 86.04 for women and 80.01 for men (a 6.03-year difference by sex). The difference in LE by sex decreased during the study period (6.83 years in 2004 and 6.03 years in 2017) (see online [supplementary figure 1](#SP1){ref-type="supplementary-material"}). [Figure 1](#F1){ref-type="fig"} and online [supplementary table 3 and figure 1](#SP1){ref-type="supplementary-material"} also show that the sex-based difference in LE is projected to decrease further to 5.51 years in 2030.

![Trends in life expectancy by sex in Korea between 2004 and 2017 and projections to 2030.](bmjopen-2019-030683f01){#F1}

[Figure 2](#F2){ref-type="fig"} and online [supplementary table 2](#SP1){ref-type="supplementary-material"} show that, despite the increases in all income groups, the LE in the lowest income quintile in 2017 (79.32 years in men and women combined) was lower than the LE in the highest income quintile in 2004 (80.97 years in men and women combined). This pattern held true for men. However, the LE among women in the lowest income quintile in 2017 (83.38 years) was slightly greater than the LE among women in the highest income quintile in 2004 (83.05 years) ([figure 3](#F3){ref-type="fig"} and online [supplementary table 2](#SP1){ref-type="supplementary-material"}).

![Trends in life expectancy by income among Korean women and men combined between 2004 and 2017 and projections to 2030.](bmjopen-2019-030683f02){#F2}

![Trends in life expectancy by income in (A) women and (B) men in Korea and projections to 2030.](bmjopen-2019-030683f03){#F3}

[Figures 2 and 3](#F2 F3){ref-type="fig"}, online [supplementary table 2 and figure 2](#SP1){ref-type="supplementary-material"}, also show trends in LE inequality by income between 2004 and 2017. In 2017, the LE differences between the highest and lowest income quintiles were 6.48 years for women and men combined, 4.34 years for women and 7.91 years for men. The slope index of inequality in LE showed greater differences in all years among women and men. The magnitude of inequality in LE, as measured by differences between income quintiles and the slope index of inequality, increased over time. The LE difference among total population increased by 0.24 years (from 6.24 in 2004 to 6.48 in 2017). This increase was prominent among women: from 3.69 years in 2004 to 4.34 years in 2017 (an 0.65 year increase). In men, a stable and even decreasing trend in LE inequality was noticed both for the difference between income quintiles and for the slope index of inequality.

[Figures 2 and 3](#F2 F3){ref-type="fig"} and online [supplementary table 3](#SP1){ref-type="supplementary-material"} present future projections of LE by income quintile to the year 2030 based on the Lee-Carter model. It was projected that LE would increase steadily in all income groups in both women and men. The LE gains in high-income women would be greater than the gains in low-income women. As the result, in 2030, the LE among men in the highest income quintile (86.94 years) would surpass the LE among women in the lowest income quintile (86.55 years). [Figures 2 and 3](#F2 F3){ref-type="fig"}, online [supplementary table 3 and figure 2](#SP1){ref-type="supplementary-material"}, also show future projections for income-based inequality in LE. In 2030, the LE difference between the highest and lowest income quintiles was projected to become larger: a 6.73-year difference among women and men combined, a 5.42-year difference among women and a 7.21-year difference among men. The slope index of inequality was likewise projected to indicate greater magnitudes of inequality in LE in the future.

[Figure 3](#F3){ref-type="fig"} and online [supplementary table 2](#SP1){ref-type="supplementary-material"} indicate that the difference in LE by sex in the lowest income quintile was the greatest (an 8.07-year difference in 2017) among the five income groups, while the sex gap was smallest in the highest income quintile (4.50-year difference in 2017). However, because of the greater improvement in LE in the lowest income quintile of Korean men through 2030, the sex gap in LE inequality among income quintiles was projected to decrease (6.82 years in 2030 in the lowest income quintile and 5.03 years in 2030 in the highest income quintile).

Discussion {#s4}
==========

The results of this study indicated that income-based inequality in LE among the total Korean population increased during the past 14 years, and this inequality is projected to become even greater, especially among women, in the future. By 2030, the magnitude of inequality by income in LE was projected to increase by 0.25 years. The increase in LE inequality was projected to be especially prominent among women, with a 1.08-year increase in LE inequality between 2017 and 2030. This finding constitutes an urgent alert to the Korean government and suggests that income-based inequalities in LE should be included as a quantifiable health equity target in the National Health Plan 2030.[@R4]

Several previous studies examined socioeconomic inequality in mortality and LE over the past decades in Korea and found an unabated trend towards inequality.[@R5] The increase in LE inequality according to education was clearer in women than in men.[@R27] The Asian economic crisis in the late 1990s, the global economic crisis in 2008 and associated structural adjustments in the Korean economic and social infrastructure might have contributed to the increase in inequality in LE. It was suggested that Korean women have been victimised by these economic crises, as Korean women (especially middle-age women) were most severely exposed to labour market flexibility, leading to job insecurity and downward social mobility.[@R27] Understanding age-specific and cause-specific contributions to inequality trends would be helpful for deciphering the impact of these determinants. Changes in socioeconomic inequality in health behaviours should also be considered to explain these trends. For example, prior studies conducted in Korea showed that socioeconomic inequality in cigarette smoking increased since the late 1990s in both men and women, but the absolute smoking rate in Korean women did not decrease, in contrast to the rate in Korean men.[@R28]

Time trends in income-based inequality in LE can be reflected in terms of time trends in income inequality. As shown in online [supplementary figure 3](#SP1){ref-type="supplementary-material"}, Hong presented that Korea has recorded substantial increases in income inequality measured by income share (%) of the top 10% income group between 1958 and 2013.[@R30] Statistics Korea also showed the increase in income inequality measured by Gini coefficient and the ratio of the average income of the 20% richest to the 20% poorest (online [supplementary figures 4 and 5](#SP1){ref-type="supplementary-material"}). Three different explanations have been suggested to link income inequality to population health (absolute income effect, relative income effect and contextual pollution effect of income inequality).[@R31] The relative importance of the mechanisms (psychosocial perspectives vs neomaterial perspectives) has been debated.[@R32] Prior studies showed that decrease in income inequality was associated with decreases in overall mortality and, to a larger degree, decreases in socioeconomic inequality in mortality.[@R35] The continually increasing income inequalities in Korea might have had both acute and lagged effects on widened LE differences by income quintile presented in this study.

Several Western studies have provided evidence on LE inequalities by income. However, several studies from Canada[@R11] and Finland[@R13] were based on sampled data. The studies from New Zealand were based on self-reported information on household income, which was missing for 16%--20% of the respondents.[@R16] Furthermore, all these Western studies presented inequalities in LE at certain ages in adulthood, rather than inequalities in LE at birth, as presented in this study. Inequalities in LE at birth present overall inequalities in mean length of life capturing inequalities in mortality during infancy and childhood periods as well as adulthood and elderly periods. Inequalities in health during early life could have lifetime impacts. It should be also noted that income inequality was especially associated with increased infant mortality.[@R37] No prior studies have simultaneously presented time trends in LE inequalities and their future projections, as was done in this study. Nonetheless, many of the Western studies showed increasing LE inequality by income.[@R12] Meanwhile, studies from Denmark[@R12] and New Zealand[@R16] showed increasing LE inequalities in men but decreasing or stagnant inequalities in women, which contrasts with the results of this study regarding sex-specific patterns in the time trends of LE inequalities. The difference between findings from these Western countries and results of this study may be partly attributable to the relative importance of causes of death contributing to total mortality and their time trends in men and women. A prior New Zealand study showed that, while cardiovascular disease becomes a less common cause of death and its contribution to overall income inequalities in total mortality declined, cancers especially associated with smoking have been emerged as the major driver of inequalities in mortality.[@R38] In Korea where smoking epidemic and westernisation of diet has been delayed, lung cancer and ischaemic heart disease, which are major causes of death in Western countries, have been relatively recently emerged as one of leading causes of death in Korea.[@R39] Meanwhile, stroke (especially haemorrhagic stroke), stomach cancer, liver cancer, liver cirrhosis and tuberculosis have substantially decreased and have contributed to rapid increase in LE especially among men.[@R39] Unabated declines in these causes of death might have provided a continuous momentum to decrease inequalities in LE in Korean men. Future studies examining the contribution of specific causes of death to the changes in LE inequalities in men and women might provide better explanations regarding the gender difference in time trends in LE inequalities between Western countries and Korea.

This study showed that the difference in LE between the lowest income quintile group and the second-lowest income quintile group was greater in both women and men than any other differences in neighbouring income quintiles. About half (52.8%) of the total excess deaths due to lower income compared with the highest income quintile came from the lowest income quintile. The reason for the disadvantage in LE among the lowest income quintile group might be that the lowest income quintile included recipients of Medical Aid and low-income self-employed individuals in Korea.[@R9] [Figure 2](#F2){ref-type="fig"} shows that, in 2030, the top three income quintiles in women were projected to record an LE over 90. A prior LE projection study indicated that Korean women would have the highest LE in the world by 2030, with a 57% probability of them having an LE greater than 90 years.[@R40] The results of this study suggest that, without an increase in LE inequality, the prior projection for the 2030 LE in Korean women would be more easily realised.

The difference in LE by sex decreased from 2004 (6.83 years) to 2017 (6.03 years) and was projected to decrease further by 2030 (5.51 years). This decrease was largely due to a shrinking gap in LE by sex in the lower income quintiles between 2004 and 2017 (from 9.11 years to 8.07 years in the lowest income quintile and from 7.19 years to 6.12 years in the second-lowest income quintile). A prior Korean study explored differences in LE by sex between 1970 and 2005 and indicated that liver disease, hypertension-related diseases and transport accidents were causes of death that made major contributions to the reduction of differences in LE by sex.[@R41] These causes of deaths showed long-term decreasing trends in cause-specific mortality data,[@R42] thereby contributing to the increase in LE, especially among Korean men.[@R39] Furthermore, that prior study also revealed that smoking-related causes of death (lung cancer and lower respiratory disease) contributed to increasing the difference in LE by sex.[@R41] The sustained prevalence of cigarette smoking among Korean women likely contributes to a decreasing difference in LE by sex, as well as increasing inequalities in LE among women.

This study has limitations. The income variable in this study was based on NHI premium. Use of this income proxy might have resulted in attenuated magnitude of inequalities in LE. However, this might have not affected time trends in inequalities in LE since the same income variable was used over the study period. This study could not present time trends in LE inequalities before 2004 because the data before 2004 were not available from NHID.

In conclusion, this study showed that LE inequalities by income increased in the past 14 years and are projected to widen further by the year 2030. Considering that Korea has a tradition employing differences between income quintiles in health status as health equity targets and LE is a summary measure for total mortality over the life course, inequalities in LE at birth by income should be considered as a measurable target for health equity in the process of establishing the National Health Plan 2030 in Korea. In addition, aggressive policies should be developed to close the increasing LE gap in Korea.
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